Eyewitnesses to crimes are regularly under the influence of drugs, such as cannabis. Yet there is very little research on how the use of cannabis affects eyewitness memory. In the present study, we assessed the effects of cannabis on eyewitness recall and lineup identification performance in a field setting. One hundred twenty visitors of coffee shops in Amsterdam viewed a videotaped criminal event, were interviewed about the event, and viewed a target-present or target-absent lineup. Witnesses under the influence of cannabis remembered significantly fewer correct details about the witnessed event than did sober witnesses, with no difference in incorrect recall. Cannabis use was not significantly associated with lineup identification performance, but intoxicated witnesses were significantly better at judging whether their lineup identification was accurate. Theoretical and practical implications of the findings are discussed. Cannabis intoxication affects memory. This is clear from a range of studies examining recall and recognition of simple stimuli such as word lists (e.g., D'Souza et al., 2004; Miller, Cornett, & Wikler, 1979; Miller, McFarland, Cornett, & Brightwell, 1977) . In these studies, participants come to the laboratory and either use cannabis (experimental
| INTRODUCTION
Information provided by eyewitnesses is instrumental in solving criminal cases. Because eyewitness evidence is so important, a large body of research has investigated the many potential factors that may affect eyewitness memory. One such factor is witness intoxication during the crime. Eyewitnesses are frequently under the influence of alcohol and/or drugs while witnessing a crime (Evans, Compo, & Russano, 2009; Palmer, Flowe, Takarangi, & Humphries, 2013) . Although a reasonable number of studies have assessed the effect of the most prevalent form of intoxication, alcohol inebriation, on eyewitness memory (see, e.g., Crossland, Kneller, & Wilcock, 2016; Hagsand, Roos af Hjelmsäter, Granhag, Fahlke, & Söderpalm Gordh, 2017; La Rooy, Nicol, & Terry, 2013; Schreiber Compo et al., 2017) , research on other types of drugs in eyewitness settings is rare. The present paper describes a field experiment investigating the influence of cannabis intoxication on eyewitness statements about a criminal incident and lineup identification.
Law enforcement officers in the United States estimate that approximately 18% of witnesses are under the influence of marijuana, whereas 24% are under the influence of multiple substances (Evans et al., 2009) . Archival analysis of criminal cases in the United States suggests that around 9% of witnesses had used cannabis or a combination of cannabis and alcohol (Palmer et al., 2013) . The present study was conducted in the Netherlands, where figures on the prevalence of cannabis intoxication among eyewitnesses are not available. However, we do know that smoking cannabis is highly prevalent in the Dutch nightlife scene, with between 30% and 48% of people going out to a party, club, or bar reporting having used cannabis that night (WODC & Trimbos Instituut, 2016) . Because criminal incidents are also likely to happen in the nightlife scene (Loef, Heijke, & Van Dijk, 2010) , we can safely assume that many eyewitnesses are under the influence of cannabis when they witness a crime.
Cannabis intoxication affects memory. This is clear from a range of studies examining recall and recognition of simple stimuli such as word lists (e.g., D'Souza et al., 2004; Miller, Cornett, & Wikler, 1979; Miller, McFarland, Cornett, & Brightwell, 1977) . In these studies, par-group) or not (control group). Participants are then presented with a set of items and asked to recall those items, either immediately or after a delay (or both). In most studies, participants also perform a recognition test after the recall phase. The findings consistently show that intoxicated participants recall fewer studied items than do sober participants, regardless of delay. It seems that the detrimental effect of cannabis intoxication operates at all stages of the memory process-encoding, consolidation, and retrieval-although findings are somewhat mixed as to at which stage cannabis causes the greatest detriments (see Ranganathan & D'Souza, 2006 , for a review). Further, the decrease in correct recall is typically dose dependent: Greater doses of cannabis are associated with greater impairments in recall (D'Souza et al., 2004; Heishman, Arasteh, & Stitzer, 1997; Miller & Cornett, 1978) . In contrast, cannabis intoxication is generally not associated with reduced correct recognition rates (e.g., Hart et al., 2010; Miller et al., 1977; Miller & Cornett, 1978) . Thus, whereas cannabis makes it more difficult to retrieve information from memory, it does not seem to hinder the recognition of previously seen items.
Cannabis is associated not only with a decrease in correct recall but also with an increase in incorrect recall. Intoxicated participants are more likely to recall items that were never presented to them, that is, they are more likely to have false memories (Ranganathan & D'Souza, 2006) . According to Ranganathan and D'Souza, this may be due to increased mental activity as a result of cannabis intoxication, leading to irrelevant associations. Although the effect of cannabis intoxication seems to be less pronounced for recognition tasks, some studies also show an increase in incorrect claims that a newly presented item has been seen before (i.e., false alarms; e.g., Hart et al., 2010; Ilan, Smith, & Gevins, 2004; Miller et al., 1977) . Thus, in both recall and recognition tasks, cannabis intoxication can result in false memories.
The effect of cannabis on false memories was examined in more detail by Riba et al. (2015) , who studied the effects of long-term cannabis use rather than current intoxication. Participants in their experimental group had used cannabis daily for at least the last 2 years but were sober during the experiment. Participants studied a word list and then performed a recognition test consisting of old words, semantically unrelated new words, and semantically related new words (lures).
Compared with a matched control group, heavy cannabis users did not differ in terms of correct recognition of old words or correct rejection of unrelated new words but were significantly more likely to falsely recognize lure words. Riba et al. explained their findings using a combination of fuzzy trace theory (Brainerd & Reyna, 2002) , which holds that false memories occur when people rely on gist rather than verbatim memory, and the activation-monitoring account (Balota et al., 1999) , which holds that false memories occur when cognitive control mechanisms are not appropriately activated. Riba et al.' s neuroimaging data revealed that during the recognition test, regular cannabis users displayed less activation than did control participants both in brain regions associated with verbatim memory and in regions associated with gist memory. The authors argued that control participants engaged in concurrent retrieval of verbatim-and gist-based memories, resulting in a conflict that prompted greater engagement of cognitive control mechanisms (as reflected in increased frontal activation), which helped control participants distinguish between old and new words. Regular cannabis users, in contrast, found it more difficult to determine that the lure words had not been presented during the learning phase. Thus, regular cannabis use can have lasting effects on cognitive mechanisms, rendering cannabis users more susceptible to false memories.
It is not clear to what extent the above-mentioned findings from the basic memory literature extend to the type of complex memory task faced by eyewitnesses. That is, how does cannabis intoxication affect witness statements about criminal events (recall) and identification performance on lineup tasks (recognition)? To our knowledge, only one previous study has examined the effect of cannabis intoxication in an eyewitness setting. Yuille, Tollestrup, Marxsen, Porter, and Herve (1998) randomly assigned Canadian male volunteers to smoke either a marijuana cigarette (N = 25) or a placebo cigarette (N = 27) in the laboratory. Approximately 5 min later, participants witnessed a staged event.
Immediately afterwards, participants were interviewed about it using a free narrative followed by open questions. One week later, they returned to the lab for a second interview and viewed a target-present or target-absent lineup. Immediately following the event, participants who had smoked marijuana reported significantly less information about it than did participants in the placebo condition (with no difference in accuracy). One week later, however, no differences between conditions were observed in either recall or lineup identification performance.
The impairments in immediate event recall observed by Yuille et al. , that would be more problematic than if it impairs recall of peripheral details (e.g., about the surroundings). In the present study, we therefore distinguished between reported details pertaining to persons, actions, objects, and surroundings in the criminal event (for comparable coding procedures, see, e.g., Milne & Bull, 2002; Vredeveldt, Tredoux, Kempen, & Nortje, 2015) . To our knowledge, no previous studies have examined this question. Because we did not have theoretical reasons to think that cannabis would have a larger effect on recall of some types of details than others, this analysis was exploratory in nature.
When an eyewitness makes an identification from a lineup, his self-reported level of certainty can have considerable consequences for subsequent legal decision making. Jurors as well as legal professionals are much more convinced of the suspect's guilt if the eyewitness indicates that he is very confident in his identification (e.g., Brewer & Burke, 2002; Brigham & Wolfskeil, 1983) . It is therefore important to know whether cannabis intoxication affects witnesses' confidence in identification decisions. We propose two tentative possibilities as to how cannabis might affect eyewitness confidence. The first possibility is that witnesses anticipate that smoking cannabis will result in poorer performance on the identification test. Previous research shows that expectations of poor performance can lead to compensatory behaviors (e.g., the hypervigilance effect observed in placebo conditions in alcohol studies; seeTesta et al., 2006) . Witnesses in the present study who have smoked cannabis might compensate for their perceived poorer performance by adjusting their confidence ratings downward. If this is the case, we would expect to see reduced confidence in identification decisions among witnesses who smoked cannabis, regardless of accuracy.
The second possibility, based on the finding that cannabis can increase insightfulness (Green, Kavanagh, & Young, 2003) , is that cannabis increases witnesses' tendencies to introspect on their own cognitive processes. Because accurate witnesses should, on average, have had stronger recognition experiences than inaccurate witnesses (e.g., Charman & Cahill, 2012) , this increased introspective focus would lead accurate intoxicated witnesses to weight their recognition experience more heavily, thus leading them to exhibit higher confidence than sober participants do. Some weak support for this hypothesis is provided by Yuille et al. (1998) , who observed a nonsignificant trend for intoxicated participants to be more confident in accurate decisions than sober participants. However, because their sample size per cell was relatively small, we cannot draw strong conclusions from their data.
1 In the present study, we explored these possibilities by examining the effect of cannabis on confidence-accuracy relations for eyewitness identifications.
In sum, although Yuille et al.'s (1998) fewer correct details about the witnessed incident than sober participants. Further, we predicted that the decrease in correct recall would be dose dependent (i.e., that participants who had smoked more cannabis would recall less about the event). Based on the basic memory literature, we also expected that intoxicated participants would have more false memories, which would be reflected both in the recall of incorrect details about the event and in a higher percentage of false alarms on the lineup identification task (but see Yuille et al., 1998) .
Approval for the study was obtained from the Ethics Committee for Legal and Criminological Research at the Vrije Universiteit Amsterdam.
| Participants
We conducted an a priori power analysis. Unfortunately, only one previous study (Yuille et al., 1998) was comparable in research design and outcome measures with the current study. With their effect size for correct recall (d = 1.0), the required sample size to achieve 80% power with an α of .05 would be 16 participants per group. Due to the small sample size in their study, however, it may not be wise to take their large effect size as a basis for the power analysis (see Button et al., 2013 , on overestimating effect sizes based on small samples). We therefore decided on a larger yet practically feasible sample size (N = 60 per group) that would allow us to detect a medium-sized effect (d = 0.5) at 80% power.
We recruited 120 participants (92 male and 28 female), all visitors of coffee shops in Amsterdam. In an attempt to recruit a roughly equal number of sober and intoxicated participants, half of the participants were recruited while entering the coffee shop (most of whom we expected to be sober) and half while leaving the coffee shop (most of whom we expected to be intoxicated). The minimum age required to participate in our study was 18 years, in line with the legal minimum age for entering a coffee shop in the Netherlands. Participants' ages ranged from 18 to 65, with a mean age of 30.15 years (SD = 9.99).
Forty-four participants were Dutch, and the remaining 76 participants were visitors from a wide range of other countries. Dutch participants were approached and interviewed in Dutch and foreign participants in English. All participants had normal or corrected-to-normal vision and a good command of the Dutch or English language.
| Materials

| Mock crime
Participants viewed a 2-min video depicting a robbery in a convenience store. The video shows a cashier behind the counter and several customers walking around the store. After a while, one customer walks up to the cashier, pulls a gun from his trousers, and tells the cashier to give him all her money. He tells another customer to put his hands up. The cashier hands him a bag and he runs out of the store.
| Lineups
Twelve versions of a six-person photo lineup were constructed, of which six contained a photo of the perpetrator (target-present) and six a photo of an innocent suspect (target-absent). The position of the perpetrator in target-present lineups and of the innocent suspect in target-absent lineups was systematically varied across the six different positions. Fillers were the same in all lineups and were selected to satisfy two criteria: (a) the lineups were fair according to mock witness tests and (b) the designated innocent suspect was the filler rated most similar to the perpetrator. This latter criterion represents a "worst-case scenario" in which the innocent suspect happens to resemble the perpetrator the most, which may occur in the real world with some frequency (Tunnicliff & Clark, 2000) . A mock witness test it was obvious that they were under the influence). The researchers were not blind to lineup condition, which will be addressed in Section 4.
Participants provided written informed consent and then watched the robbery video on a tablet computer. Next, they completed a 2-min filler task (a Sudoku) before they were interviewed about the video.
Participants were first asked to recall as much as possible about the video (free-recall phase). Once the participants had told the interviewer everything they could remember, the interviewer asked a predetermined set of open questions about the setting in which the crime took place, the buildup to the crime, the behavior and appearance of the perpetrator, and the other people present in the store (cued-recall phase). All sessions were audio-recorded for later transcription.
Upon completion of the interview, participants were told that they would be shown a lineup to attempt an identification. They were informed that the perpetrator may or may not be present, and that they were allowed to respond "don't know." Participants were randomly assigned to view one of the 12 versions of the lineup (half of which were target-present and half target-absent). Participants rated their confidence in their decision on a scale from 0 (not confident at all) to 100 (extremely confident).
Next, participants provided demographic information (age, gender, native language) and reported how many grams of cannabis they had used that day or, if they did not know how many grams, the number of joints smoked. They provided subjective intoxication ratings by indicating how stoned they felt on a scale of 0 (not stoned at all) to 100 (extremely stoned). They also indicated whether they had used any other substances that day and, if so, how much of each substance.
Finally, participants were debriefed and thanked for their participation.
| Data coding
Prior to coding of the data, we created a coding scheme listing details from the robbery video. Details mentioned by participants that were not in the original coding scheme were added progressively. The final coding scheme contained 854 details about the robbery video. Details could be coded as correct (e.g., "the dog was black"), incorrect (e.g., "the dog was brown"), or subjective (e.g., "the dog was cute"). Subjective and repeated details did not count toward the total number of details. Details were also coded as pertaining to persons (e.g., "his hair was black"), actions (e.g., "he stumbled"), objects (e.g., "the gun was black"), or surroundings (e.g., "the store was small"). The coding scheme contained 226 person details, 279 action details, 179 object details, and 170 surrounding details.
All audio-recorded interviews were transcribed verbatim, and recall performance was coded on the basis of the transcripts. All 120 transcripts were double coded independently by two researchers, blind to condition. Interrater reliability was high for both accuracy (correct, incorrect, subjective), κ = .85, p < .001, and type of detail (person, action, object, surrounding), κ = .95, p < .001.
| RESULTS
Two participants (one entering and one leaving the coffee shop) who reported having used other drugs (shrooms or cocaine) were excluded from all analyses. Of the remaining 59 participants recruited while Seventy participants were interviewed in their native language (Dutch or English), whereas 48 were not. To check whether this affected the findings, we added native language (yes/no) as a covariate in the analyses of recall performance reported below. 4 Prior to analysis, all relevant assumptions were checked, and transformations were applied where necessary, as outlined in the relevant sections. 
| Correct recall
We first assessed differences between sober and intoxicated participants in correct recall of different types of details (see Figure 2 ). To reduce positive skew and leptokurtosis, square-root transformations were applied prior to analysis. We conducted a 2 (Cannabis: sober, intoxicated) × 4 (Type of Detail: person, action, object, surrounding) multivariate analysis of covariance on the square-root-transformed number of correct details, with native language (yes/no) as a covariate.
We found a significant effect of native language, F(4, 112) = 2.62, For the intoxicated group, we examined whether the selfreported dose of cannabis smoked and subjective intoxication ratings were associated with correct recall performance. Because the data for cannabis dose were positively skewed and leptokurtic and could not be transformed into a normal distribution, we used Spearman's correlation for that variable. Contrary to our expectation, we found no significant correlation between the self-reported amount of cannabis used and the number of correct details reported, r s = −.16, p = .205.
Similarly, there was no significant correlation between subjective intoxication ratings and the number of correct details reported, r = −.10, p = .421.
| Incorrect recall
We then assessed differences between sober and intoxicated partici- FIGURE 2 Mean number of correct details about persons, actions, objects, and surroundings reported by sober and intoxicated participants. Asterisks denote significant differences between sober and intoxicated participants (p < .05). Error bars represent 95% confidence intervals
For the intoxicated group, we also examined whether selfreported cannabis dose was associated with incorrect recall performance, using Spearman's correlation. There was no significant correlation between cannabis dose and the number of incorrect details reported, r s = −.02, p = .859. Similarly, we found no significant correlation between subjective intoxication ratings and the number of incorrect details reported, r = −.17, p = .187. Table 2 displays all statistics regarding this analysis. In sum, we found no evidence for a dose-dependent effect of cannabis intoxication on the accuracy of decisions on the lineup task. For accurate identifications, however, intoxicated participants were FIGURE 3 Mean confidence ratings provided by sober and intoxicated participants for accurate and inaccurate decisions from target-present (left panel) and target-absent (right panel) lineups. Double asterisk denotes significant difference between sober and intoxicated participants (p < .01). Error bars represent 95% confidence intervals significantly more confident than sober participants, F(1, 52) = 8.51, p = .005, η p 2 = .14 (see left panel of Figure 3) .
| Lineup identification
| Confidence in lineup decisions
A 2 (Cannabis) × 2 (Accuracy) ANOVA on confidence ratings for target-absent lineups revealed no significant main effects of cannabis, F(1, 51) = 1.66, p = .204, η p 2 = .03, or accuracy, F(1, 51) = 0.44, p = .512, η p 2 = .01, and no significant interaction, F(1, 51) = 0.09, p = .765, η p 2 = .00 (see right panel of Figure 3 ).
We also examined confidence-accuracy correlations across cannabis conditions. Results were examined separately for nonchoosers and choosers (see Sporer, Penrod, Read, & Cutler, 1995) . For nonchoosers, we found no significant association between confidence and accuracy for either sober participants, r = −.46, p = .066, N = 17, or intoxicated participants, r = −.10, p = .693, N = 17. For choosers, we found no significant confidence-accuracy correlation among sober participants, r = −.12, p = .493, N = 35, but a significant correlation among intoxicated participants, r = .34, p = .028, N = 42. The difference between these two correlation coefficients was significant, Fisher's z = −1.99, p = .047. Thus, intoxicated participants were significantly better than sober participants at judging whether their selection from the lineup was accurate.
| DISCUSSION
Our results revealed three main findings. First, participants who had smoked cannabis reported significantly fewer accurate details when describing the crime than did participants who had not smoked cannabis, with no differences in inaccurate recall. Second, there were no significant differences in lineup identification decisions between sober and intoxicated participants. Third, intoxicated participants were significantly more confident in their accurate identifications than were sober participants, which resulted in a significantly better confidence-accuracy correlation. Each of these findings will be discussed in turn.
| Eyewitness recall
Our finding that participants under the influence of cannabis recalled fewer correct details is consistent with the general literature on the effects of cannabis, which has shown that cannabis reduces immediate recall (Ranganathan & D'Souza, 2006) . Specifically, it is consistent with the findings reported by Yuille et al. (1998) , in which a similar detrimental effect was observed for details recalled about a witnessed event. Note that these results cannot be accounted for by postulating that intoxicated participants were simply less likely to report any information overall (i.e., a criterion shift), as that would have predicted a decrease in inaccurate details, which we did not observe. Instead, we interpret this result as indicating that cannabis adversely affected memory for the witnessed event.
It is not clear from our data at which memory stage the detrimental effect of cannabis occurred. Because participants were under the influence of cannabis both while watching the video and during the interview, we were unable to disentangle the effects of cannabis intoxication on encoding versus retrieval. In basic memory research, findings are mixed on whether cannabis intoxication has a greater impact on encoding or retrieval (see Ranganathan & D'Souza, 2006) .
In the only previous study on eyewitness memory (Yuille et al., 1998) , cannabis-related impairments observed in immediate event recall were no longer observed in 1-week delayed recall, when participants had sobered up. In contrast, the literature on state-dependent memory (e.g., Eich, 1995; Smith, Glenberg, & Bjork, 1978) suggests that an event witnessed while under the influence of cannabis may be best recalled while in the same intoxicated state, whereas an event witnessed while sober may be best recalled sober (see also Darley, Tinklenberg, Roth, & Atkinson, 1974; Goodwin, Powell, Bremer, Hoine, & Stern, 1969; Schreiber Compo et al., 2017) . To examine this further, future eyewitness researchers should systematically manipulate cannabis intoxication during encoding and retrieval in a cross-over design.
To determine how detrimental cannabis intoxication is in legal settings, it is important to know what type of information is affected.
We therefore conducted an exploratory analysis to distinguish between details pertaining to persons, actions, objects, and surround- 
| Lineup identification
We found that sober and intoxicated participants did not differ significantly in terms of lineup identification accuracy. This finding is in line with the only previous study on the effects of cannabis intoxication on eyewitness identifications (Yuille et al., 1998) , but their lineup analysis was severely underpowered (N = 52). Our replication of this null effect with a greater sample size (N = 111) suggests that any potential detrimental effect of cannabis on lineup identification accuracy is relatively small, if it exists at all-at least among the dosages observed in the current study. Further, our results are consistent with other studies that have examined the effects of cannabis on memory more generally, which have found larger detrimental effects of cannabis on recall memory than on recognition memory (Ranganathan & D'Souza, 2006) .
In the present study, the researchers who conducted the experiments knew whether participants were viewing a target-present or target-absent lineup, and which lineup member was the guilty or innocent suspect, respectively. When lineup administrators know who the suspect is, they can inadvertently influence the witness's decision toward the suspect (Charman & Quiroz, 2016; Greathouse & Kovera, 2009 ). Legal psychologists therefore recommend double-blind lineup procedures (e.g., National Academy of Sciences, 2014). In real life, however, it is unfortunately still very common for lineups to be carried out by administrators who know who the suspect is (Rodriguez & Berry, 2013) . Thus, although the nonblind administration of lineups in the present study represented nonoptimal conditions, it mirrored common practice in real police investigations.
The level of confidence expressed in a lineup identification can have a significant impact on judgments about the credibility of the eyewitness and the likely guilt of the suspect (e.g., Brewer & Burke, 2002; Brigham & Wolfskeil, 1983) . Interestingly, similar to the trend observed by Yuille et al. (1998) , we found that participants under the influence of cannabis were significantly more confident in accurate identifications compared to sober participants and significantly better at judging whether their lineup decision was accurate. This finding is not in line with the hypothesis that intoxicated participants would compensate for anticipated poorer performance by adjusting their confidence ratings downward. It is in line, however, with the hypothesis that cannabis leads witnesses to become more focused on their cognitive processes, thus leading accurate witnesses to weight their recognition experiences particularly heavily and increase their confidence. This effect could be due to the pharmacological properties of cannabis itself (i.e., the drug increases internal focus), or due to expectancies regarding the drug (i.e., in anticipation of poor performance, witnesses may pay more attention to their internal cues). Future research is necessary to test the replicability of this finding and, if it replicates, to differentiate between these hypotheses.
| Limitations
Some limitations of the present study have already been noted, but perhaps the most important limitation was the lack of control associated with the nature of the field study. Due to ethical reasons, we were unable to randomly assign participants on the street to smoke cannabis or not. We attempted to quasi-randomly assign participants by approaching them as they either entered a coffee shop (the majority of whom we assumed would be sober) or exited the coffee shop (the majority of whom we assumed would be intoxicated). Although this method was largely successful (80% of participants entering the coffee shop were sober; 86% of people exiting the coffee shop were intoxicated), it was an imperfect proxy for intoxication, necessitating a regrouping of about 17% of participants for data analysis purposes.
In a similar vein, we could not establish with certainty the precise amount of cannabis smoked, nor the exact amount of time that had passed since smoking cannabis. Ideally, studies examining the effects of cannabis should randomly assign participants to intoxication condition and should standardize cannabis dose and delay. On the other hand, such an increase in control is almost inevitably accompanied by a trade-off in ecological validity. A strength of this study is that we tested participants who had chosen to smoke cannabis without intervention from the experimenters, in an environment in which cannabis is usually smoked. As such, our sample was probably more representative of the typical eyewitness under the influence of cannabis than participant samples used in previous laboratory research (e.g.,
Yuille et al., 1998).
| CONCLUSION
Despite the frequency with which people use cannabis, there is almost no research examining its effects on eyewitness memory. Our observed results are consistent with the general cannabis literature:
Intoxicated people (a) provided less accurate information during a recall task, an effect that seems to reflect poorer memory on the part of the intoxicated witnesses, but (b) showed no impairment on a recognition task (i.e., making identification decisions from a lineup). From a practical perspective, more research is needed to determine whether the loss of accurate information reported can be recovered by having witnesses sober up. Fortunately, results suggest that the detrimental effects of cannabis on recall memory are not mirrored by detrimental effects on a lineup task.
